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GAS LASER DEVICE 

Background of the Invention 

5 Field of the Invention 

This invention relates to a cross-flow fan used for circulating gas in a gas laser de- 
vice, and more particularly a cross-flow fan used in an ArF excimer laser device and a fluo- 
rine (F2) laser device. 

10 Description of the Related Art 

As semiconductor circuits are made smaller and more highly integrated there is a 
demand for projection exposure devices with an improved resolution. It has therefore been 
promoted to attain short wavelength exposure light emitted from an illumination source and, 
as the illumination source for semiconductor lithography, a gas laser device such as an exci- 
15 mer laser device or fluorine laser device and the like for emitting light having a shorter 
wavelength than the discharge wavelength of a prior art mercury lamp has been employed. 

In the excimer laser device, laser gas composed of fluorine (F2), argon (Ar) and rare 
gases such as neon (Ne) acting as buffer gas is filled with several hundred kPa within a laser 
chamber, for example. In the fluorine laser device, laser gas composed of fluorine (F2) and 
2 0 rare gas such as helium (He) acting as buffer gas is similarly filled in the laser chamber with 
several hundred kPa. Further, there are provided a pair of main discharge electrodes. A high 
voltage is applied to the main discharge electrodes to generate discharge whereby the laser 
gas acting as laser medium is excited. 

An output mirror and an optical system for narrowing the bandwidth and generating 

2 5 a narrow spectral width of the laser beam and stabilizing the wavelength of the main wave- 

length is arranged in front or rear of the laser chamber, respectively. A laser resonator is con- 
stituted by an output mirror and the optical system for narrowing the bandwidth. When the 
laser gas is excited the light emitted from the chamber is amplified by the laser resonator and 
then emitted from the output mirror as the laser beam. 

3 0 In this case, the gas laser device acting as the light source for exposure is operated 

such that one light emitting operation is performed every time one discharge operation is car- 
ried out between the main discharge electrodes, and upon completion of this one-time expo- 
sure the laser medium between the electrodes becomes rather non-uniform regarding its con- 
stitution or density. Therefore, in order to start a subsequent discharge, fresh laser medium 
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must be provided between the main electrodes. That is, when the discharge is started while 
the laser medium is non-uniform an arc discharge may easily be produced, a uniform glow 
discharge required for laser oscillation cannot be attained and the problem of an unstable out- 
put may occur. 

5 In recent years, the repetition rate of the laser oscillation required in the laser device, 

i.e. the number of times of oscillation per unit of time, has become high and, in the device 
itself, it is necessary to replace the said gas rapidly. 

In the prior art devices, a cross-flow fan has been used as a gas circulation fan in a 
gas laser device such as an excimer laser device and a fluorine laser device. In one example 
10 of these devices, the gas flow rate between the electrodes is about 10 m/s and the number of 
rotations per minute of the fan to attain the flow rate is about 1000 (rpm) in an excimer laser 
device for-exposure-with a repetition-rate of 1 kHz, -depending-on_^tbe internal structure ofithe 
laser chamber (such as the distance between the electrodes and the position of the pre-ion- 
ization means). 

15 In addition, in case of an excimer laser device having a repetition rate of 2 to 3 kHz, 

the gas flow rate that has to be provided between the electrodes is about 20 to 30 m/s and the 
number of rotations of the fan for attaining the flow rate has to be about 2000 to 3000 rpm. 

Such a prior art device as described above was adapted to the required repetition rate 
merely by applying means for increasing the number of rotations of the fan. However, in re- 

2 0 cent years, higher repetition rates such as 4 kHz have become necessary, and a mere increase 

of the number of rotations of the fan as proposed in the prior art could not provide the desired 
results. 

Therefore, there has been a strong need for developing a gas laser device for expo- 
sure satisfying the mentioned requirements. 

25 

Summary of the Invention 

It is an object of the present invention to provide means, so far not known in the 
prior art, capable of achieving a stable oscillation even in a gas laser device having a high 
repetition rate of 4 kHz or more. 

3 0 In order to attain the said object, the gas laser device of the present invention is an 

excimer laser device with a repetition rate of 4 kHz or more which comprises a laser chamber 
having laser gas filled therein, a pair of main discharge electrodes arranged in the laser cham- 
ber, a cross-flow fan for circulating laser gas at least between the main discharge electrodes 
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within the laser chamber, and a bearing structure for rotatably supporting the cross-flow fan, 
wherein a diameter of the cross-flow fan is 150 mm or less and a peripheral speed is 25.0 m/s 
or more. 

Further, the aforesaid peripheral speed is preferably 27.0 m/s or more. 
5 In a preferred embodiment, the aforesaid bearing structure comprises a roller or ball 

bearing wherein the number of rotations is 4500 rpm or less, and further in the case that the 
bearing structure is a magnetic bearing, the number of rotations is 5000 rpm or less. 

As described above, in order to perform a stable laser oscillation with a high repeti- 
tion rate, it is necessary to quickly remove old gas remaining around the electrodes after 
1 0 completion of one discharge from the electrodes and to quickly provide new gas between the 
electrodes. 

One of the methods for-enhaHcing this-Gapability may be to narrow the width of -the 
electrode (the width in a direction where gas is circulated). Shortening of the width of the 
electrode results in narrowing the distance width in the glow discharge generated between the 

15 electrodes. In this case, the space for removing residual gas becomes small so that a high 
clearing rate becomes possible as well. However, the glow distance width is restricted by the 
desired optical output of the illumination source and its lifetime. Therefore, in the case of 
illumination sources of the exposure devices for semiconductor integrated circuits, the gap 
cannot be made unlimitedly short. It can be said that a lower limit of this numerical value is 

2 0 normally 3 to 4 mm. 

Another method consists in increasing the gas circulating rate (gas velocity) between 
the electrodes. The technology related to this proposal is disclosed in Japanese Patent Laid- 
Open No. Hei 10-223955 corresponding to U.S. Patent No. 5,771,258. This prior art provides 
a system in which the amount of gas bypassing the discharge region is restricted as much as 

2 5 possible, components preventing the flow in the gas circulating passage are eliminated as 

much as possible, and undesired disturbances of gas are eliminated to smoothen the flow. 
Although such a technology as above is of course necessary, the aim of this prior art is to 
eliminate some of the causes decreasing velocity but not to positively increase the flow 
speed. Further, the prior art aims at repetition rates of about 1 kHz, but high repetition rates of 

3 0 4 kHz or more in the present invention require a new technology increasing the flow speed 

itself. 

In view of the foregoing, the method for positively increasing the flow speed of the 
circulated gas consists in improving the characteristics of the cross-flow fan (a lateral flow 
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fan). This cross-flow fan is normally used in "open air" such as found in an indoor air condi- 
tioner, and studies about the characteristics increasing the gas velocity in a high pressure 
closed container as found in a gas laser device such as an excimer laser device to which the 
present invention is directed have not sufficiently been performed. 

The present inventor has found characteristics of fans capable of satisfying the con- 
dition of a high repetition rate of 4 kHz or more in the specific environment of gas laser de- 
vice with a high pressure closed container such as an excimer laser device and a fluorine laser 
device and the like. More particularly, the present inventor has extensively investigated the 
relation between the fan diameter and the number of rotations of the fan. 

As described above, the gas laser device of the present invention has a fan outer di- 
ameter of 150 mm or less and the peripheral speed of the fan is 25 m/s or more so that it can 
provide a laser device which can stand-high -repetition rates of 4 kHz or -more. In -particular, 
the present invention has found conditions that can be applied to an environment specific to 
gas lasers with high pressure closed containers employing a cross-flow fan used in the prior 
art in open air-conditions such as an air conditioner and has adapted its utilization to high 
repetition rates of 4 kHz or more, which was said to be impossible in the prior art. 

Brief Description of the Drawings 

Fig.l schematically shows the internal structure of an excimer laser device. 

Fig.2 shows a relation between a fan outer diameter and the number of rotations of 

the fan. 

Fig3 shows the number of rotations of the fan and the degree of wavelength stability 
in the case that a roller bearing is used. 

Fig.4 shows the number of rotations of the fan and the degree of wavelength stability 
in the case that a magnetic bearing is used. 

Detailed Description of the Invention 

Fig.l shows a cross-sectional view of an excimer laser device. A laser chamber 1 
consists of a housing, and main discharge electrodes 2 composed of an anode and a cathode 
are spaced apart and arranged in the housing. A glow discharge is repeated at the main dis- 
charge electrodes 2 and a laser beam is emitted fi-om a window (not shown). 

In addition, a cross-flow fan 3 is arranged in the chamber 1 . This cross-flow fan is of 
a hollow cylindrical shape in which a plurality of blades are arranged in a circumferential 
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direction between circular side plates and similarly extend with a similar equal length in an 
extending direction of the main discharge electrodes 2. The fan is rotated in a clockwise di- 
rection as shown in the drawing to cause the gas to circulate in the direction indicated by the 
arrows. This cross-flow fan is rotatably supported by a bearing structure (not shown), in par- 
5 ticular, a roller bearing. 

The laser chamber 1 is filled with fluorine (F2), argon gas (Ar) and neon (Ne) acting 
as buffer gas or the like. These gases are circulated by the fan 3. When a high voltage pulse is 
applied to the main discharge electrodes 2, these gases are excited to generate discharge light, 
and new gas is provided again by circulation between the electrodes until the discharge light 
1 0 emitting state occurs together with application of a subsequent high voltage pulse. 

Reference number 4 denotes a pre-ionization unit. The pre-ionization unit 4 irradi- 
ates ultraviGlet light onto the -nev/ -laser gas between -the electrodes before the high voltage 
pulse is applied to the main discharge electrodes 2. The new laser gas is pre-ionized in ad- 
vance through this radiation of the ultraviolet light, and when a main discharge is produced in 
15 the gas a uniform glow discharge is generated at the elongated electrodes. 

The present inventor performed experiments to check the stability of discharge gen- 
erated at the main discharge electrodes 2 by changing the outer diameter of the cross-flow fan 
3 in the chamber 1. In the experiment, seven cross-flow fans having outer diameters of 95, 
100, 110, 120, 130, 140 and 150 (mm), respectively, were used, and the inventor measured 
2 0 the minimum number of rotations of each of the cross-flow fans where downstream arcing is 
not generated and the minimum number of rotations of each of the cross-flow fans when a 
quite stable discharge is generated. 

The downstream arcing in this case is defined as a discharge not desired for laser 
oscillation generated under an influence of the residual gas at the downstream sides of the 

2 5 electrodes (against the gas circulating direction) in a subsequent discharge when the residual 

gas has not sufficiently been removed from between the electrodes after a discharge has been 
generated between the electrodes. 

The present inventor calculated the peripheral speed (denoted 30 in Fig.l, i.e. the 
speed at the circumferential edge in a tangential direction) with reference to the minimum 

3 0 number of rotations of the cross-flow fan where downstream arcing is not observed and the 

outer diameter of the fan. He similarly calculated the peripheral speed with reference to the 
number of rotations of the fan under a stable discharge and the outer diameter of the fan at 
that time. The results of these experiments are shown in Fig.2. 
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The outer diameter of the cross-flow fan cannot be made too great. Since the exci- 
mer laser device of 4 kHz is mounted in a clean room for a semiconductor manufacturing 
process its installation area is remarkably limited. It is restricted by the volume of the laser 
chamber or the like, and a maximum value of the fan outer diameter is 150 mm. Further, the 
5 distance width is also limited to 3 to 4 mm in view of the required output, the degree of out- 
put stability and the lifetime of the excimer laser device of 4 kHz. Moreover, the distance 
between the electrodes is also limited to 15 to 17 mm for similar reasons. In the present in- 
vention, the relation between the number of rotations of the fan and the fan outer diameter 
has been studied in a range of conditions required in an excimer laser device of 4 kHz. 

10 It is apparent from the results of the experiments shown in Fig.2 and the peripheral 

speed calculated in view of the results that a peripheral speed of 25.0 m/s is the minimum 
required value with-respeet tG-dGV/nstream-areiRg-and~a-peripheral speed-of 27.0 m^s or more 
is needed in order to keep the discharge stable. That is, in the present invention, the relation 
between the fan outer diameter and the rotational speed is specified by the factor of the pe- 

15 ripheral speed in view of a stable glow discharge within a practical application range of the 
excimer laser device, and this numerical value range is at least 25.0 m/s. 

The present inventor also studied the maximum number of rotations of the fan (per 
minute). As described above, since increasing the number of rotations of the fan enables the 
gas flow speed to be increased, it can be adapted to high repetition rates. However, when the 

2 0 number of rotations unnecessarily is too high it generates vibration leading to increased vi- 
bration of the line narrowing unit for narrowing the laser bandwidth and resulting in deterio- 
ration of the degree of wavelength stability. In addition, it is generally known that a bearing 
structure is employed for driving the rotating fan relative to the purity of gas in order to cir- 
culate the filled gas within the chamber. However, this bearing does not work well if the 

2 5 number of rotations of the fan is increased. 

In view of the above, the present inventor also studied the maximum number of ro- 
tations of the fan with reference to the degree of stability of the laser beam and the workabil- 
ity of the bearing. 

First, regarding the degree of the wavelength stability of the laser beam, the number 

3 0 of rotations of the fan per one minute is changed between 3000, 3300, 3700, 3900, 4200, 

4500 and 4800 rpm, respectively, and the wavelength of the oscillating laser beam at each of 
the number of rotations was measured. The results of this experiment are shown in Fig.3. The 
ordinate denotes the degree of the wavelength stability of the laser beam, i.e. the maximum 
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lateral deviation of the wavelength from the desired oscillating wavelength, and the abscissa 
denotes the number of rotations of the fan. The fan in this experiment is one that is rotatably 
supported on a roller bearing. With reference to the figure, it is assumed that a reason why a 
deviation occurs consists in the fact that a vibration is generated due to an increased number 
of rotations, i.e. an increased rotational speed, leading to a small deviation of the wavelength. 
In this case, it is demanded of the characteristics of the exposure device that the degree of 
stabihty of the wavelength be 0.1 pm or less. If this value exceeds 0.1 pm problems will arise. 

The practical studies in view of the foregoing led to the understanding that when the 
number of rotations of the fan is 4800 rpm the degree of wavelength stability exceeded 0.1 
pm. The operation could be carried out with a stabilized wavelength up to 4500 rpm for the 
number of rotations of the fan. The experiment was carried out for fan outer diameters of 95 
to 1-50 mm and-substantialiy similar-results v/ere Gbtained-for all-kinds of fan diam.eters. 

The present invention will be described with regard to the bearing structure. 

First, the number of rotations of the fan and the lifetime of the bearing were studied 
using a roller bearing as a bearing structure. In the case that the number of rotations of the fan 
was 4500 rpm and one discharge corresponded to 1 pulse, it was possible to continue a supe- 
rior operation up to 5 x 10^ pulses, although in case of a number of rotations of 4800 rpm or 
more a superior operation could be performed at those number of rotations with only 2x10^ 
pulses or less. This is due to an increased amount of grease consumption in the roller bearing, 
and 2x10^ pulses are not acceptable in the semiconductor manufacturing stage. 

It can be taken from the mentioned results the maximum number of rotations of the 
cross-flow fan using a roller bearing is up to 4500 rpm. 

It is preferable that the roller bearing is made of ceramics such as zirconia, silicon 
nitride and alumina or the like. This is due to the fact that the ceramics do not react with fluo- 
rine and even if the substances generated after discharge enter the bearing the material itself 
is hard and wear is negligible. Due to this fact, as indicated in the lifetime experiment de- 
scribed above, even if grease is consumed the bearing may be more durable against wear. 

Now, a case where the bearing structure is not a roller bearing but a magnetic bear- 
ing will be described. The experiment relative to the number of rotations of the fan (rpm) and 
the degree of wavelength stability shown in Fig. 3 was repeated while the roller bearing was 
replaced by a magnetic bearing as the bearing structure. The number of rotations being 
changed between 3100, 3400, 3700, 4000, 4350, 4600, 5000 rpm and 5000 rpm or more. 

The magnetic bearing as used herein means a non-contact type structure where the 
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rotating shaft of the fan is held above the bearing by magnetic action. The resuhs of this ex- 
periment are shown in Fig.4. 

As is apparent from Fig.4, even if the number of rotations of the fan per minute is 
increased up to 5000 rpm, the degree of wavelength stability is as high as 0.06 pm. In com- 
parison with the case in which a roller bearing is used the use of a magnetic bearing avoids 
contact of the rotating shaft with the bearing presumably resulting in that vibrations are not 
transferred to it. However, if the number of rotations exceeds 5000 rpm contact between the 
rotating shaft and the bearing occurs and this may lead to problems in wavelength stability. 

In addition, since the magnetic bearing does not require any grease, contrary to the 
roller bearing, it can be confirmed that, regarding its lifetime, 5x10^ pulses or more can be 
used up to 5000 rpm. 

That is, when a magnetic bearing-is employed as the bearing stmcture, it can be con- 
cluded that a number of rotations up to 5000 rpm is available regarding the wavelength sta- 
bility of the laser beam and the lifetime of the bearing. 

Although the invention has been described for preferred embodiments using an ArF 
excimer laser device it can also be applied in a similar manner to a fluorine laser device. 



